Background and objective: Although pre-operative biliary drainage (PBD) is frequently performed in patients with cholangiocarcinoma (CCA), its impact on patient survival is unclear. Our aim was to evaluate the impact of PBD on overall survival of patients with extra-hepatic CCA. Methods: This was a retrospective study using the Surveillance, Epidemiology, and End Results (SEER)-Medicare data. Patients who underwent biliary drainage within 3 months prior to and/or after diagnosis of CCA were included in the PBD cohort. Patients who did not receive biliary drainage were included in the non-PBD cohort. Cox proportional hazard regression was used to determine independent predictors of survival. Results: Of 3862 patients with extra-hepatic CCA, 433 (11.2%) underwent curative surgical resection, with a median survival of 14 months (95% confidence interval [95% CI], 10-21 months) in the PBD cohort (n ¼ 126) vs 31 months (95% CI, 26-39 months) in the non-PBD cohort (n ¼ 307) (P < 0.001), during the median follow-up duration for the surgical cohort of 26 months (range, 1-60 months). Among the 433 patients, 126 (29.1%) underwent PBD and had significantly higher Charlson comorbidity index and advanced SEER stage than those without PBD before surgery. On multivariable analysis in patients who underwent curative surgical resection, after adjusting patient demographics, tumor characteristics, Charlson comorbidity index, radiotherapy and chemotherapy, PBD was significantly associated with shortened survival time (hazard ratio, 2.35; 95% CI, 1.34-4.10; P ¼ 0.003).
Introduction
Cholangiocarcinoma (CCA) is the second most common primary hepatobiliary tumor worldwide; its overall incidence and mortality appear to be increasing [1] [2] [3] [4] . Pre-operative biliary drainage (PBD) is routinely performed in patients with extra-hepatic CCA. This is based on the fact that, in several experimental studies and retrospective case series, PBD reduced morbidity and mortality after surgery [5] [6] [7] . However, subsequently published metaanalyses of randomized trials showed that the overall complication rate was higher in patients undergoing PBD for jaundice secondary to obstructive tumors than in patients who proceeded directly to surgery [8, 9] . PBD has been found to be associated with bacteriobilia or fungal colonization, higher rates of post-operative sepsis, wound infection, longer hospital stay and increased cost [10] [11] [12] [13] . Although most of these data relate to tumors other than CCA, the British Society of Gastroenterology to formulate guidelines stated that PBD is controversial and its routine use should not be recommended [5] [6] [7] 14] . Currently, the only potential curative therapy for CCA is surgical resection; for highly selective patients in certain transplant centers, liver transplantation is offered as an alternative treatment.
Despite the lack of a beneficial effect for PBD in CCA patients [10] [11] [12] [13] , most patients with jaundice in many centers undergo pre-operative drainage. PBD is usually performed via endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous trans-hepatic biliary drainage. Up to now, the impact of PBD on survival in patients with CCA is uncertain. In this study, we analysed the Surveillance, Epidemiology and End Results (SEER) database linked to Medicare claims and aimed to evaluate the impact of PBD on long-term overall survival in patients with CCA.
Methods

Data source
The data in the present study were obtained from the SEERMedicare database that links cancer-registry data to Medicare enrollment and claims files. Information on patient demographics, tumor site, morphology, stage, treatment and follow-up was obtained by SEER registries from hospital and outpatient records. The quality and completeness of the data were ascertained in even-numbered calendar years. Medicare is the primary health insurer for 97% of the US population aged 65 years and older. Approximately 99% of Medicare beneficiaries receive Part A benefits (Hospital Insurance) and approximately 95% subscribe to Part B benefits (Medical Insurance), covering outpatient hospital care and physicians' visits. Data on Medicare claims are available for Medicare Parts A and B. These files contain dates of service, International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) diagnosis codes and Current Procedural Terminology (CPT, Version 4) codes for all billed claims.
The SEER database consists of de-identified data with no risk of loss of confidentiality. The present study was approved by the Florida Hospital Institutional Review Board (Florida, USA).
Study population
All persons aged 65 years who were diagnosed with histologically confirmed extra-hepatic CCA between 2001 and 2011 were identified. The histologic definition of CCA was based on the World Health Organization's classification [4] . The SEER registry identifies CCA using the International Classification of Disease for Oncology, 3rd edition (ICD-O3) during the study period. We further stratified our analyses by anatomical subtypes of extrahepatic CCA (proximal vs distal CCA) (Supplementary Table 1 ). Available data that were abstracted include patient demographics (e.g. age, sex, race), tumor data (histology, grade), SEER stage of disease, use of radiotherapy and details of surgical therapy. Only persons enrolled in Medicare Parts A and B for at least 1 year before the diagnosis of CCA were eligible for inclusion to insure adequate time for prior diagnoses to be recorded. The patients diagnosed at autopsy or at the time of death with CCA were excluded. The Deyo adaptation of the Charlson comorbidity index (CCI) was used to assess comorbidities in the study population [15] . All files during the period of 3 months before and 3 months after the date of pathological diagnosis were examined for procedure codes for ERCP and/or percutaneous trans-hepatic biliary drainage (Supplementary Table 2 ).
All patients included in the present study underwent curative-intent surgery, chemotherapy and radiotherapy based on the codes from SEER database and Medicare claims. Information on post-procedural adverse events (pancreatitis, hemorrhage and perforation within 30 days) after ERCP procedure or percutaneous trans-hepatic biliary drainage and before surgery was recorded. Post-ERCP pancreatitis requires the ICD-9 code of 997.4 (complication of gastrointestinal procedure) along with the pancreatitis code (577.0). Bleeding after ERCP was identified by specific ICD-9 codes used to define post-ERCP hemorrhage (998.11, 909.3 and V58.89). Perforation after ERCP was identified by using ICD-9 code 569.83. All Medicare claims with procedure codes or revenue center codes were obtained from Medicare Provider Analysis and Review, outpatient claims files and physician/supplier files. To minimize the possibility of erroneously including cancer metastases to the bile duct, persons with prior diagnoses of gastrointestinal, lung, breast and prostate cancers were excluded.
Statistical analyses
The study population was divided into two groups: patients who received biliary drainage (the PBD cohort) and patients who did not receive any biliary drainage (the non-PBD cohort). Baseline characteristics were compared between the groups with v 2 test or independent t-test, as appropriate. A P-value less than 0.05 was considered statistically significant. We studied long-term outcomes of all patients with extra-hepatic CCA, and then analysed the data of subgroups of patients who underwent curative surgical resection to explore the impact of PBD on overall survival. Overall survival time was calculated from the date of diagnosis to the date of death or the date of the last follow-up. Kaplan-Meier estimates were used to calculate overall survival. The Cox proportional hazard model was used for multivariable analyses to identify factors associated with the overall survival after adjustment for all possible factors, such as age, sex, race, stage of cancer, CCI, tumor location, histological pathology, tumor grade, SEER regions (Northeast, Midwest, South and West, as defined by the United States Census Bureau), year of diagnosis, any biliary drainage performed, location of CCA (distal vs proximal), chemotherapy and radiotherapy; the corresponding adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were reported. All data were analysed using STATA Statistics software (V.14; STATA Corporation, College Station, TX, USA).
Results
Demographics of patients
A total of 3862 patients with extra-hepatic CCA were identified from the database, including 1071 patients (27.7%) in the PBD group (ERCP and/or percutaneous trans-hepatic biliary drainage) and 2791 patients (72.3%) in the non-PBD group. Of 3862 patients with extra-hepatic CCA, 433 (11.2%) underwent curative-intent surgical resection. Among the 433 patients, 119 (27.5%) underwent ERCP, including 23 patients who also underwent concomitant percutaneous trans-hepatic biliary drainage; 7 (1.6%) underwent percutaneous trans-hepatic biliary drainage only; and the remaining 307 (70.9%) did not undergo ERCP or percutaneous trans-hepatic biliary drainage. The baseline demographic and clinical characteristics of patients and cancer-related variables in 433 patients in the surgical cohort and 3429 patients in the non-surgical cohort are shown in Tables 1 and 2 , respectively. Patients in the PBD cohort had more comorbidities than those in the non-PBD cohort. The results showed no propensity to undergo PBD based on the comparison of age, sex, race, location of CCA (proximal vs distal) or grade of tumor between the patients in the surgical cohort who underwent biliary drainage or did not (Supplementary Table 3) . Table 2 highlights the demographic and clinical variables in patients who underwent biliary drainage and those who did not in the non-surgical cohort (n ¼ 3429). Patients in the PBD cohort had more comorbidities than those in the non-PBD cohort. Supplementary Table 4 highlights the demographic and clinical variables in CCA patients with distal and proximal/hilar CCA. 
Outcomes of patients undergoing surgery
During a median follow-up duration of 5 months (range, 1-60 months), 433 (11.2%) patients underwent curative-intent surgical resection. The median follow-up duration for the surgical cohort was 26 months (range, 1-60 months). The median overall survival time was 14 months (95% CI, 10-21 months) in the PBD cohort (n ¼ 126) vs 31 months (95% CI, 26-39 months) in the non-PBD (n ¼ 307) cohort (P < 0.001) (Figure 1 ). The median overall survival was significantly shorter in patients who underwent drainage (ERCP and/or percutaneous trans-hepatic biliary drainage, irrespective of drainage) than in patients who proceeded directly to surgery (P ¼ 0.003) (Supplementary Figure 1) Figure 2) .
Discussion
ERCP and/or percutaneous trans-hepatic biliary drainage is frequently performed for biliary drainage in patients with CCA. In this study, we found that PBD was associated with shortened overall survival time and therefore we thought that PBD must be avoided if possible in patients with potentially resectable CCA. Also, biliary drainage was associated with decreased overall survival in non-surgical patients with CCA. There is conflicting evidence on the impact of PBD on longterm survival in patients with malignant obstructive jaundice. Endoscopic PBD, placing a plastic stent for cancer of the pancreatic head, was associated with increased rate of complications compared with direct surgery treatment in patients with cancer of the head of the pancreas; however, the short-term survival time did not differ between the two groups [16] . In studies of patients with pancreatic and ampullary carcinoma, the overall survival was not significantly different between patients who underwent PBD and those who did not [17, 18] . In a study that investigated the impact of PBD in patients with pancreatic and ampullary cancers, there were lower rates of resection and R0 resection in the biliary drainage group versus the early surgery cohort [19] . Although the overall survival did not reach statistical significance, the results were clinically relevant. A recent study of 141 patients with hilar CCA studied the impact of PBD on overall survival [20] . It included only patients who underwent PBD with the percutaneous technique (n ¼ 67) or ERCP (n ¼ 74) and did not enroll patients who directly went to surgery [20] . Percutaneous trans-hepatic biliary drainage was independently associated with poor survival and patients developed peritoneal seeding more frequently in comparison to those who underwent ERCP. Also, percutaneous trans-hepatic biliary drainage was the only independent factor predictive of peritoneal seeding [20] . In our study, we observed that PBD was associated with shortened survival time in patients with resectable CCA. We could not differentiate the impact of ERCP and percutaneous trans-hepatic biliary drainage independently because of small numbers of patients in the percutaneous trans-hepatic biliary drainage group in the surgical cohort. Post-operative complications have been recognized as a prognostic factor for survival in patients with pancreatic cancer [21, 22] ; however, similar evidence for CCA is lacking. The reason for shortened survival in patients with CCA could be explained based on three hypotheses. First, biliary drainage could result in systemic inflammatory response syndrome such as cholangitis or pancreatitis. The presence of viable tumor cells, especially those at the anastomotic sites, combined with a systemic inflammatory response syndrome leads to the release of pro-inflammatory cytokines and growth factors. The pro-inflammatory state with immune surveillance suppression may stimulate the growth of residual tumor cells resulting in lower long-term survival [23, 24] . While the occurrence of adverse events related to ERCP was not directly associated with shortened survival, the development of systemic inflammatory response syndrome could be indolent and not clinically detected. Second, biliary drainage (in particular percutaneous trans-hepatic biliary drainage) may result in bile spillage, which may contain exfoliated tumor cells that could result in peritoneal recurrence. Several reports have demonstrated that percutaneous drainage may increase the risk of catheter tract recurrence or peritoneal dissemination and therefore results in shortened survival [20, [25] [26] [27] [28] [29] . However, because of the limited number of patients who underwent percutaneous trans-hepatic biliary drainage in our surgical cohort, we could not independently study its effect. Third, patients who underwent biliary drainage were a sicker subpopulation of patients with CCA and thus had shortened survival compared with patients who did not undergo biliary drainage.
It is important to understand the implication of biliary drainage in CCA. Although PBD was associated with shortened survival time, only 11.2% (433/3862) of patients were eligible for surgical resection in our cohort. The remaining patients who were not eligible for undergoing surgical resection needed biliary drainage. In clinical practice, almost 90% of CCA patients are unresectable/borderline resectable and will continue to need biliary drainage to palliate jaundice. Even though we observed that biliary drainage is associated with shortened survival time in patients who would not undergo surgery, the quality of life of patients who undergo drainage may be better. The other caveat is that, among the 3862 patients with CCA, only 1071 (27.7%) patients underwent biliary drainage. In fact, among 433 patients who underwent surgery, 307 (70.9%) did not receive biliary drainage. In addition, our results are applicable more to patients with distal CCA, as most patients in our cohort had distal CCA.
There are several limitations in our study. First, the information on surgical margins was not available and neither were data on types of stents placed during ERCP or the caliber of percutaneous drainage catheters. Second, our findings are applicable only to patients older than 65 years. However, most CCA occur in older patients except in the setting of primary sclerosing cholangitis. Third, this was a non-randomized study and therefore whether the patients underwent ERCP and/or percutaneous trans-hepatic biliary drainage or directly underwent surgery is difficult to decided by the practice pattern of the institution and available expertise. Lastly, patients in the PBD cohort had more comorbidity than those in the non-PBD cohort. It is possible that the poor clinical outcomes could be related to their underlying comorbidity. However, we had adjusted for comorbidities in the multivariable analysis and the comorbidities did not impact overall survival. The SEER database does not provide bilirubin levels-a critical missing variable to compare the degree of biliary obstruction between both cohorts. Finally, we could not study the independent impact of ERCP alone or percutaneous trans-hepatic biliary drainage alone on outcomes in surgical patients because of the limited number of patients.
Despite these limitations, our study had several strengths. First, our study included a large number of patients, which was powered to find relatively small differences in survival. The SEER-Medicare registry contains population-based data, and therefore the results are more generalizable to the US population than data from tertiary cancer centers. Finally, we defined curative cancer-directed surgery as it is defined in the SEER database that includes a range of procedures from hepatectomy to pancreaticoduodenectomy and therefore our analysis reflects the full range of practice patterns in the treatment of CCA in the USA, and not just the results of specialized centers that employ specific surgical approaches.
In conclusion, PBD may be associated with shortened survival and may need to be avoided if possible in patients with resectable CCA. Our study also suggests that the use of biliary drainage may negatively impact outcomes even in non-surgical patients with CCA. A randomized trial studying the impact of biliary drainage on overall outcomes is urgently needed to confirm these observations.
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